The nature, frequency, severity, and possible causes of complications after 207 sphincter of Oddi manometry measurements were studied in 146 patients. Acute pancreatitis was diagnosed in 6% (12 of 207) of the investigations and in 8% (12 of 146) of the patients examined. We conclude that pancreatitis may occasionally follow sphinter of Oddi manometry measurement, even in patients without pancreaticobiliary disease, and that underlying chronic pancreatitis constitutes a definite risk. Sphincter of Oddi manometry measurement in control subjects should therefore be performed only in centres where the safety of the procedure has been established, and the presence of chronic pancreatitis should be excluded beforehand. Cannulation of the pancreatic duct should be avoided. Manometry can be safely performed, however, as an outpatient procedure.
The pancreatitis was mild in all patients. After cannulation of the pancreatic duct, acute pancreatitis occurred in 10 of 95 (11%) patients compared with one of 93 (1%) when the manometry catheter entered the bile duct only (p<002). Seven (58%) of the patients who developed acute pancreatitis, however, were found to be suffering from chronic pancreatitis. Some 26% of all sphincter of Oddi manometry measurements on patients with this diagnosis were complicated by an acute attack of pancreatitis compared with 3% (p<0001) in patients without signs of chronic pancreatitis. In all patients the pancreatitis developed within three hours of manometry.
We conclude that pancreatitis may occasionally follow sphinter of Oddi manometry measurement, even in patients without pancreaticobiliary disease, and that underlying chronic pancreatitis constitutes a definite risk. Sphincter of Oddi manometry measurement in control subjects should therefore be performed only in centres where the safety of the procedure has been established, and the presence of chronic pancreatitis should be excluded beforehand. Cannulation of the pancreatic duct should be avoided. Manometry can be safely performed, however, as an outpatient procedure.
Although endoscopic manometry of the sphincter of Oddi has been increasingly used in clinical practice for more than a decade, very little is known about the nature, frequency, and severity of its complications. This is astonishing since experience from endoscopy with retrograde cholangiopancreatography (ERCP) shows that manipulation of the papilla as well as cannulation of the duct system, even without contrast injection, bears a small but definite risk of complications and in particular of acute pancreatitis.
We report on the complications we encountered in performing sphincter of Oddi manometry over a four year period.
Patients and methods

PATIENTS
This report is based on 207 consecutive manometric investigations of the sphincter of Oddi in 146 patients. The measurements were performed between 1984 and 1987. The patients had been referred because of postcholecystectomy right upper quadrant pain, suspected of being caused by biliary dyskinesia (n= 133) or because of chronic pancreatitis with suspected outflow obstruction (n= 13).
In addition to sphincter of Oddi manometry, the patients were also investigated by routine laboratory tests, liver tests, ultrasound, secretin test, upper gastrointestinal endoscopy, ERCP, and barium enema as indicated. The ERCP was always performed at least three weeks apart from manometry.
The patients were divided into the following groups based on results of these investigations as well as on a follow up period of at least one year.
Group 1 -patients with biliary dyskinesia (n=24). The clinical suspicion was supported by grossly abnormal manometry findings. One patient, in whom cannulation of the papilla by the manometry catheter failed, was also included as surgical sphincteroplasty resulted in pain relief during the year of follow up.
Group 2 -patients with pain unrelated to the pancreaticobiliary region (n=98). This According to accepted criteria6 the attacks of pancreatitis were clinically mild in all patients (Table I ). The hospital stay ranged from four to 12 (mean eight) days. In none of the patients were any longterm complications detected clinically or by ultrasound or computed tomography.
As shown in Table I the intraductal pressures were normal or only slightly raised in the subjects who subsequently developed pancreatitis and remained unchanged during the manometry procedure. In four of the patients who developed pancreatitis the manometry catheter was perfused with bubble-free water and in nine the isotonic saline was used. The perfusion times in each of the patients are also shown in Table I .
In 10 of the 12 manometry investigations that were followed by pancreatitis, the pancreatic duct was cannulated with or without concommitant cannulation of the bile duct (Table I) . When all the pull-through manometry investigations are considered, pancreatitis developed on 10 of 95 (11%) occasions when the pancreatic duct was cannulated and on one of 93 (1%) occasions when the bile duct only was cannulated (p<0.02) (Table II) . Pancreatitis was not more frequent when both the pancreatic and bile ducts were cannulated (5-1%) than when the pancreatic duct alone was cannulated (16%). As shown in Table I , seven of 12 (58%) patients with postmanometry pancreatitis had chronic pancreatitis. In patients with this diagnosis pancreatitis followed in 26% of all manometry investigations and in 32% when the catheter was inserted into the pancreatic duct (Table II) Difficulty in performing cannulation did not, per se, seem to represent an obvious risk factor since, as mentioned above, pancreatitis followed only one of the 19 (5 2%) cannulations which ultimately failed. For most pull-through manometry investigations the cannulation was easy. In the patients in cases 6 and 7, however, the pancreatic duct was cannulated three and four times respectively and in the patient in case 11 prolonged pancreatic duct manometry -that is, 30 minutes -was followed by repeated cannulations of the same duct in an endeavour to enter the bile duct. It is of interest to note that two investigations were performed on both this patient and the patient in whom cannulation failed. Although similar conditions prevailed on both occasions, pancreatitis followed only one of these. Patient 12 was the only one who developed pancreatitis after bile duct manometry alone. No contributing factors could be identified.
In all 12 patients pancreatitis developed within three hours of the procedure.
Discussion
Until recently endoscopic manometry of the sphincter of Oddi has been regarded as a procedure that is virtually free from complications. Then In contrast to a previous report8 pancreatitis was the only complication occurring in the 6% of our manometric studies that were followed by complications. Although none of our patients experienced severe pancreatitis or any longterm sequelae, it caused a prolonged stay in hospital in four patients. Moreover, since pancreatitis can, irrespective of aetiology, worsen and become severe it is most important to look for possible
causes.
An increase in intraductal pressure during the procedure was not found to be a causative factor in this study. Likewise, intraductal hypoosmolality has to be discarded as a factor since the frequency of pancreatitis was not affected by replacing water with isotonic saline for perfusion of the manometry catheter. On the other hand, cannulation of the pancreatic duct seems to constitute a risk as this duct was cannulated on all but two manometry procedures that were followed by pancreatitis. More than half the number of attacks, however, occurred in patients with chronic pancreatitis and this seems to be a major risk factor. This is important since in almost half of our patients the diagnosis of chronic pancreatitis was unknown at the time of manometry. Thus, chronic pancreatitis should be excluded before referring a patient for sphincter of Oddi manometry. On the other hand it is difficult to explain the high frequency of acute postmanometry pancreatitis in our patients with chronic pancreatitis, as ERCP in these subjects was followed by only one case (4-6%) of mild pancreatitis. Also, in our experience, which comprises nearly 7000 ERCP investigations, pancreatitis after ERCP is only slightly more frequent in patients with chronic pancreatitis than in those without that diagnosis.
Whether patients with biliary dyskinesia are at increased risk for postmanometry pancreatitis as suggested by King et al9 cannot be judged from our study as pancreatitis followed only one of the pull-through manometry investigations in this patient group. In King's study, however,9 an unspecified number of patients with hyperamylasaemia were included and their findings may reflect a relatively high proportion of patients with pancreatitis rather than biliary dyskinesia.
Contrary to previous opinion,7 our 
